In recent years, different types of review systems have been developed with the recommender system (RS). RSs are developed based on user textual reviews, ratings, and comparative opinions. RSs for social media resources, such as blogs, forums, social network websites, social bookmarking websites, video portals, and chat portals help users to collaborate effectively. Social media resources are used in the RS for recommending contents, articles, news, e-commerce products, and users. Although research on social media in RSs has increased annually, comprehensive literature review and classification of these RS studies are limited and must, therefore, be improved. This paper aims to provide a comprehensive review of the social media RS on research articles published from 2011 to 2015 by exploiting a methodological decision analysis in six aspects, including recommendation approaches, research domains, and data sets used in each domain, data mining techniques, recommendation type, and the use of performance measures. A total of 61 articles are reviewed among the initial 434 articles on RS research published in Web of Science and Scopus between 2011 and 2015. To accomplish the aim of this paper, a comprehensive review and analysis was performed on extracted articles to explore various recommendation approaches which are used in the RS. In addition, various social media domains are identified, where RSs have been employed. In each identified domain, publicly available data sets are also reported. Furthermore, various data mining techniques, recommendation types, and performance measures are also analyzed and reviewed in technical aspects. Finally, potential open research directions are also presented for future researchers intended to work in social media RS domain.
This category allows users to interact with other users by social media profiles, messages, and comments. Moreover, this type permits users to share their content (images and videos). YouTube, Flickr, Skype, Gtalk, and Wikipedia are some examples under this category.
Nowadays, a large amount of information (including data, images, videos, contents, and documents) is shared on social media. This considerable sharing of information introduces the problem of information overload to users. Therefore, several social media websites utilize recommender systems (RSs) to overcome this issue and suggest useful information to targeted users. RSs have been extensively explored in the mid-1990s [3] . RSs are used for recommending books, movies, music, products, and television programs. RSs analyze suggestions from users [2] in the form of reviews and ratings [70] . In the academic context, the RSs of scientific and online libraries support users by allowing them to move beyond catalog searches using efficient and accurate recommendation techniques within the systems, thereby obtaining relevant and dependable recommendations. RSs can reduce the time and cost spent by users and improve the process, quality, and decision-making strategy for providers [3] .
Social media RSs generate a useful recommendation of articles and items that helps users collaborate with other users. Social networks (Facebook, Twitter, and blogs) contain a large quantity of information available as online documents and archives. Social networks aim to allow connection among friends and contain valuable information about user preferences. However, contents shared on these networks are noisy and heterogeneous, and they must be processed for information extraction [7] . Users discuss their specialization and highlight their opinions online. The number of online items is rapidly growing. Thus, determining items in a particular specialization becomes difficult for experts. RS is an essential solution to this problem and used in social media sites to identify the neighbors of target users based on user profile. These systems suggest the target user items liked or posted by neighboring users [6] .
Identifying the suitable item or information in the internet becomes challenging due to information overload. RS is an information filtering system that deals with this problem by filtering primary information according to user preferences, interests, liked items, and ratings on the preferred item. These factors predict whether the user will prefer the item or information according to his or her profile. Social media grow at a high rate as a result of the popularity and large number of users in the network. RSs are continuously being explored and developed because of information overload and popularity of social media. Nevertheless, information overload is significantly challenging because it creates new research issues in other social media categories, such as large dataset in forums and digital libraries of books and documents. Geolocation includes tourism and travel and involves areas of entertainment datasets in social media [11] . RSs enhance the ratings and revenues for effectiveness of items or products. These research issues receive increasing attention in social media RS. In addition, the performance and data mining techniques of RS are unexplored.
In general, the four different approaches used in developing the RSs include content-based (CB) filtering, collaborative filtering (CF), hybrid-based (HB) filtering, and knowledgebased (KB) filtering. In CB filtering, recommendations are made using features and preferences. Content similarity is used rather than that of users [6] . CF defines similar users as active users. Opinions and previously stated interests of like-minded users are used in this system. A combination of CB and CF methods is known as HB filtering, which is the most remarkable approach that eliminates the drawbacks of CB and CF [5] . KB filtering is based on explicit knowledge of an item assortment, user preferences, and recommendation criteria.
In social media RSs, several data mining techniques, such as k-means, k-nearest neighbor (kNN) are utilized to reveal the hidden patterns or interests of users from a large amount of data [4] . Such techniques are used in social media RSs to obtain insights from data and provide useful recommendations. In general, two approaches are used in RSs in social media to provide useful recommendations based on ratings or rankings, namely, classical or two dimensional and contextual or multidimensional. Generally, classical approaches include recommendation types, such as item-user (relevance between pair of item and user), useritem (relevance between pair of user and item), user-tag (relevance between a pair of user and tag), and user-user (relevance between a pair of user and user). Contextual or multidimensional approaches, such as user-tagitems or user-item-tag, use more than two dimensions to provide useful recommendations. Various performance metrics are used to measure the performance of RS techniques, such as precision, recall, and accuracy. Precision measures the efficiency of relevant items selected. Recall is the number of relevant items selected and the total number of items in whole set. Accuracy measures how well the user ratings can be reproduced.
In the past few years, many reviews and surveys were published on RS in social media [48] , [58] . These studies focused on the traditional approaches, such as CB, CF, and HB, and provided an overview of existing technologies for establishing personalized RSs and recommendation approaches with techniques [51] , [61] , [84] . However, these published reviews are only limited to e-business application domains, forums, bookmarking websites, and social networks [11] , [38] , [46] , [56] , [60] . Moreover, these published reviews mostly summarized the existing work in the field of social media RSs from the perspective of recommendation approaches and types [49] , [67] . The present review is different from existing reviews by focusing on RS according to six aspects. This study aims to review and analyze six aspects of social media RSs, namely, (1) recommendation approaches, (2) social media subdomains, (3) datasets, (4) data mining techniques, (5) recommendation types, and (6) performance metrics. The specific contributions of this review are listed below:
1. This review provides a comprehensive overview of social media, including the subdomains of social media, and the role of RSs in social media. 2. This review will also provide a comprehensive review of recommendation approaches used to design the RSs. 3. Various social media subdomains are reviewed. In these subdomains, RSs are designed to provide useful recommendations to users. In each subdomain, a variety of datasets used and freely available for future researchers are identified and reviewed. 4. Several data mining techniques used to discover the users' interests or preferences about the items or users are reviewed thoroughly. 5. Various recommendation types, such as classical and contextual, used in selected studies are rigorously analyzed and reviewed. 6. The widely used performance metrics used to evaluate the performance of RSs are also identified and reviewed.
7. Finally, social media RSs are still in the development stage, and many open issues need further investigation. Thus, this review presents possible research directions to improve the performance of social media recommendation in different social media domains. In this review, 61 primary studies were selected after a rigorous selection process from two large academic databases, namely, Web of Science (WOS) and Scopus. This review will answer the following research questions.
(1) What recommendation approaches are used in social media RS? (2) What data mining techniques are used in social media RS? (3) What datasets are used in social media RS? (4) What recommendation types are preferred in social media RS? (5) How is social media RS evaluated? The remaining part of this paper is organized as follows. Section 2 presents the research methodology. Section 3 analyzes and discusses the bibliometric analysis of social media RS. Section 4 presents the review and analysis of social media recommendation approaches, domains, datasets, data mining techniques, recommendation types, and performance metrics. Section 5 presents the discussion on these six aspects. Potential future research directions in the field of social media RSs are presented in Section 6. Finally, Section 7 concludes this review.
II. RESEARCH METHODOLOGY
This study aims to understand the trend of social media RSs by examining published articles within the year limit. The steps of the research methodology are summarized as follows.
• Classification of research papers on social media RSs.
• Analysis of research papers on social media RSs and presentation of results based on classification.
• Bibliometric analysis of results based on classifications such as year-wise, country-wise, and journal-wise distributions.
• Analysis of importance of social media RSs and improvements.
• Discussion, conclusion and limitations of the study. Web of Science (WOS) and Scopus databases are used in this study for selecting the articles. WOS and Scopus are authentic databases and cover many other science-related databases. The two databases can help analyze the scientific field articles and ease the analysis. The use of these databases allows searching and sorting the results. The results are extracted by expected parameters, such as first author, citation, and institution. Regarding the impact factor and h-index of the two databases, different results are obtained from existing studies. The perceptions of authors and researchers on both databases can be investigated to determine which of the two is best [74] , [76] . WOS and Scopus have salient features of provenance and coverage, searching and analysis of results, citation tracking and analysis, impact factor, indexing (h-index), researcher profiles, and tools. Prior studies that compare these databases will be reviewed in the analysis part.
Although, the search query in Google Scholar retrieves lot of academic literature, however, all these publications may not justify or maintain the quality standards. There are various reasons for selecting papers only from Web of Science and Scopus databases and not selecting from Google scholar which are stated as follows.
1. Quality: There are variety of journals which are low quality and are indexed in Google Scholar. Conversely high quality journals only are indexed in WOS, and Scopus. Moreover, both these databases are large which index almost all well-reputed publishers. Hence, if we include the research papers from Google Scholar, the quality of our review paper may compromise. 2. Peer review: In WOS and Scopus databases all the indexed journals are peer-reviewed quality journals [73] . However, there are various journals which are indexed in Google scholar and they claim that these journals are peer-reviewed journals, however, in reality they just take one week to review, accept, and publish the submitted papers. Therefore, their peer review process in questionable. 3. Accessibility: Though, Google Scholar is free access search engine [74] , it indexes the publications record only if the publisher willing to provide along with the abstract which is freely accessible otherwise it is subscription based. However, if one has access to WOS or Scopus databases, he/she can download the full text including all cited references. The distribution of research papers on social media RSs is verified by their year of publication and classification based on recommendation approach, data mining technique, domain, datasets, recommendation type, and performance metric. However, confining each paper discussing social media RSs to a specific discipline is difficult because research papers on social media RSs are scattered across diverse domains, such as geolocation, forum, entertainment, e-commerce, social review, social network and social bookmark. As a result, the increasing number of research papers on RSs must be compiled. The search process of research papers on social media RSs is performed on 61 journals totally, the top 47 journals of WOS and 14 journals of Scopus.
The search is performed using five descriptors or keywords: ''recommender system,'' ''blogs'' or ''blog,'' ''forums or forum,'' ''social network'' or ''social networks,'' or ''web'' or social bookmarking.'' If opinions between two authors differ, then another author who reviewed the paper is considered to decide whether to include the paper or not. Research papers that are unfit for the review, such as conference submission papers, master and doctoral dissertations, unpublished research papers, non-English papers, survey research papers, and books, are excluded in the VOLUME 6, 2018 review. Research on social media RSs is relatively current; thus, only articles published from 2011 to 2015 in journals related to computer science and information technology from available list of categories are selected to get the highly relevant articles. A total of 47 articles are finally filtered from WOS and 14 articles from Scopus. The selected journals used social media resources, such as digital library, e-commerce, entertainment, forum, geolocation, social network, social bookmarking, and social review.
The five-year period is considered to be representative of the research on social media RSs. Only research papers that describe how RSs can be applied are chosen. A total of 61 research papers are prudently reviewed and classified in terms of the application field and data mining technique. Although the investigation is not exhaustive, it provides a comprehensive basis for understanding social media RSs. The overall graphical classification framework for the selection of research papers is presented in Figure 2 .
III. BIBILIOMETRIC ANALYSIS
The bibliometric analysis of the selected 61 studies for the review is conducted. Bibliometric analysis refers to a series of procedures for evaluating a scientific production based on the number of publications, prestige of journals in which the papers are published, and some citations for the publications [77] . Bibliometric refers to a quantitative evaluation of publication and citation data and is currently used in nearly all countries and fields of study. The first idea on quantitative analysis of scholarly output was introduced by Kim and Park [5] . Recent bibliometric studies include research productivity [12] , top cited publications [13] , and higher education evaluation in a country [14] , [15] , international collaborations [16] , [17] , authorship rate [18] , and impact assessment of funding environments [19] . Bibliometric analysis of the literature on social media RSs can reveal information on authorship, document type, keyword, and publication trend. Such analysis can also reveal the total number of publications, publications per year, citations per year, highly cited articles, most active author with most published articles, most active country and, most suitable journal.
This analysis is important in the social media RS field and provides results for understanding the number of online social media resources with its rapid growth and difficulty in finding the items in particular specialization by experts.
Therefore, this section uncovers some bibliometric analysis of selected 61 articles. This analysis presents the publication count, citation count each year, top countries contributing in the area of social media in RS, top journals publishing the work on social media in RS, and citation count of each selected article for this review. Table 1 shows the yearly distribution of the selected articles in both the databases (i.e. WOS and Scopus). Moreover, it also shows the year-wise citation count of publications each year. Here, a fluctuating trend is observed in year-wise publication count with the highest number of publications was published in year 2014, followed by 2015, and 2011 including both the databases. Moreover, the lowest publication count was recorded in year 2012, followed by 2013. The decrease in the number of research papers between 2012 and 2013 is due to the emergence of new RS application fields. The majority of RS studies between 2013 and 2015 are limited to different domains, such as entertainment followed by digital library and social network. A decrease in the publication trend for this research domain is depicted between 2010 and 2011; thus, no publication is found in the later year. Finally, the increasing trend is observed in citation count from year 2011 to 2015. It can be noticed that the citation counts of publications on social media in RS increased from nine (9) in year 2011 to two hundred and seventeen (217) in year 2015. This shows this field is gaining attention of researchers these days. Table 2 shows the top countries contributing in the area of social media RS research. Here, it can be seen that South Korea, and China significantly outnumber all other countries with nine publications each, followed by Iran, and Spain with eight (8) publications each. USA and Australia published seven (7), and six (6) articles each in these five years respectively. Moreover, Canada, and United Kingdom published only three (3) articles each in all five years. The lowest number of articles were published by Malaysia, Greece, Netherlands, Mexico, India, and Argentina. Table 3 shows the list of top journals published the work on Social Media RS. As shown here, 'Expert Systems with Applications' and 'Information Sciences' are the top journals that published highest number of articles eight (8) , and (three (3) respectively in these five years. The rest of the journal published either 2 or 1 articles in all these five years. This concludes that for submitting the research work on social media in RS, 'Expert Systems with Applications' is the best choice to submit, followed by 'Information Sciences'. Table 4 shows the article references obtained from WOS and Scopus with the number of article citations. As can be see here, most of the articles have good number of citation count. This shows the quality of articles, selected for this review.
IV. REVIEW AND ANALYSIS
This review identifies six classifications of RS in social media based on its wider usability in recommendation approaches which are, ''domains, data mining techniques, datasets, recommendation types, and performance metrics''. This analysis can help researchers to gain useful knowledge and better understanding on the existing solutions of social media in RS. The review of all rationale aspects is presented from Section 4.1 to 4.6. This section presents a detailed analysis of the classification for the selected articles.
A. CLASSIFICATION BASED ON RECOMMENDATION APPROACH
In selected articles, several social media RSs employed four common recommendation approaches namely, Content based filtering (CB), Collaborative filtering (CF), Hybrid filtering (HB), and Knowledge based (KB) filtering (as shown in Figure 3 ). In selected primary studies, CB technique was extensively used to filter the information in 3 out of 61 articles.
CB methods are used to build several types of representation of the content either by comments or feedback, which are given by the user [13] . Filtering approach recommends the items based on the past choices of the users. This approach generates recommendations using the content of the social media objects used for recommendation such as music, image, sound, or any other products. Similarity can be established between objects based on what the user visited, bought, heard, and ranked. CB filtering has difficulty in identifying user preferences from user actions regarding one content source by using them across all other content types. The recommended content of the same type is limited because the user is already using the value from the RS in social media.
CB filtering is to recommend similar items liked by a user in the past. Items are represented by attributes. Moreover, the recommendation process included both item descriptions and corresponding ratings provided by a user for expressing his/her level of interest. Textual descriptions of item attributes structured into several attributes in several domains. Example domains are movies, music and books which are available as text documents. Attributes such as artist, title, and descriptions are main characteristics for short abstract summarizing of that item using Folksonomy-based Item Recommender System (FIRST). FIRST is found on machine learning techniques for inferring user profiles from both item descriptions and feedback provided as numerical rating. A few studies applying this technique to the user's content for recommendation. The reason for the performance of recommender system improved with folksonomies that might be the valuable source of information in digital artwork recommendation which uses the machine learning techniques. However the authors did not explore the accuracy of impact which improved the accuracy using tagging activity [59] .
Different methods such as TAG.ME, Explicit Semantic Analysis (ESA) were used for representing user interests on short text for recommendation. Outcome is the keyword representation used especially on documents like encyclopedia resources. Furthermore, the advantage is linking items and profile, but different sources cannot be merged [11] . In network construction, same interest users are collected as community. Each user named as peer of the network. Links between peers are established between those who have interest on the same content in the past. Network of peers based on shared interest used to identify the recommending item. This limits the public communities from newly joining into peer community with similarity for community building. Hence, companion of the peer structure is not improved [42] .
In selected primary studies, 18 out of 61 studies employed CF approach for recommending items. It recommends the items similar to the past choices of users with similar taste that preferences and implicitly requires user ratings.
It is classified into memory-based CF and model-based CF. Memory-based approach is used to compute the rating based on similarity between the users-items. Such approaches are easy to implement because in such approaches the matrices are aggregated to identify the resultant set of items to be recommended [33] , [46] . It is flexible with new data and content independent of the items which are being recommended. In model-based approach, data mining techniques are used to develop the prediction models to predict the users rating of unrated items using machine learning algorithms.
Hybrid approach is the most widely used in social media RS. In selected articles, 41 out of 61 have been employed HB approach. This method is a combination of CB and CF as it combines the advantages of both approaches. In recent years, Social media in RS technologies has allowed the emergence of CB and CF to obtain strength points of both the techniques. For example, in social network HB approach is used to combine the rating/feature data of user/item profile to provide an option to overcome the issues of CB and CF [20] . For instance, the authors have employed HB to focus on individual customer behavior or interests [33] . HB exploits individual measures of perceived relevance computed by each user's interest for obtaining better recommendation [37] .
In selected articles, 2 out of 61 have been employed KB filtering approach. KB filtering is a specific type of RS that provides explicit knowledge about the items, user preferences, and recommendation criteria [39] . It is advantageous due to the non-existence of cold-start problems. It suggests exactly similar items that were liked by the users in the past. The recommendation for the items semantically related to users' preference. Hence, user preference is not included for recommendation [14] . Figure 4 shows recommendation approach wise and year wise distribution of articles that were used in social media. Furthermore, the pros, and cons of each recommendation approach are shown in Table 5 . Finally, the recommendation approach wise and years wise distribution of articles that were used in social media are also shown in Table 6 .
B. CLASSIFICATION BASED ON DOMAIN
The selected articles are grouped according to the domains, such as digital library, e-commerce, entertainment, forum, geolocation, social bookmark and social network. The ''Others'' domain refers to different generic domains (such as, share, publish, and discuss). Figure 5 shows the classification based on domain of 61 selected articles, related to social media in RS. In selected 61 articles, the identified domains were entertainment, social network, social bookmark, digital library, geolocation, e-commerce, online forum, and ''Others''. The ''Others'' category includes some of the digital library domains (such as, UTM website, University of Saskatchewan, and California University). These datasets are university websites and private sector data maintained by their own organizations. Among the selected articles, the most frequently used domain was entertainment (28 out of 61 articles), followed by 7 articles used digital library and social network domains. Around 5 to 6 articles used social bookmark and others (share, publish and discuss domains).Out of 61 articles, geolocation domain adopted in 4 articles. The least research is performed on e-commerce, social review and forum domains which is found on 2 articles in this review. Table 6 shows recommendation approaches with domains and datasets with references of the social media in RS.
As observed from Figure 5 , most of the researchers have contributed in entertainments domain. This is because, several freely and publicly available datasets are made available by research community in this domain. These include Flixster, IMDB, MovieLens, and others as some private sectors used in selected articles. However, Forum domain used Stack overflow dataset [82] . Some researchers used multiple datasets in social bookmark, social network and social review in selected articles. However, the focus of recommender system research is more on entertainment domain. The distribution of selected articles by domain and publication years is shown in Figure 9 . Here, it can be observed that the domains are evenly distributed in publications during 2011. Until 2013 most recommender systems research domains was focused on entertainment, social bookmark, social network and digital library.
However, the focus of recommender systems research has extended not only to entertainment, but also for geolocation, digital library and social bookmark. Beginning from 2013 research in other domains such as social network, social review, e-commerce, travel, tour etc., are increasing in order year by year. 
C. CLASSIFICATION BASED ON DATASET
Various publicly available datasets are available for researchers on social media in RS. The datasets used in the selected 61 articles are examined and summarised in this section. Figure 6 shows the datasets which are used in social media in RS in selected articles. Table 6 shows the references for datasets and domains. Notably, most of the research papers use more than one dataset termed as ''Multiple Dataset'' (21 out of 61). For example, datasets from Delicious.com and Movie Lens are used in Tag aware RSs [8] . The ''Others'' and ''Custom'' category includes the private network for university data, business transaction data website, some entertainment sectors, travel, television programs and small private sectors, which are maintained by their own organizations. Movie Lens is the mostly used publicly available dataset (12 out of 61 articles). Delicious and Epinions are used in 2 articles out of 61. However, Facebook, Flickr, Stack Overflow, Google wave, Wikipedia and Flixster are the least used datasets of RS in social media. Therefore, researchers on social media in RS almost contributed in all domains, however, very less research has been carried out in academic and CQA related domains during 2011. Important datasets in social media such as Stack overflow and Wikipedia are used by researchers and students. Later on many number of researches used datasets of digital library, social bookmark and forum since 2014.
D. CLASSIFICATION BASED ON DATA MINING TECHNIQUES
Various techniques are used in social media RS to explore and analyze large quantities of data in the form of patterns and rules [4] . These techniques can be used to make a decision on social media in RSs and the effects of decisions are predicted. Data mining techniques were used by many researchers to improve the performance of RS in social media. Figure 7 shows the data mining techniques of social media in RS. In selected 61 articles, Bayesian Network, and logistic regression techniques were used for CB filtering. Among the data mining techniques the most widely used for CF are clustering, kNN, matrix factorization, link analysis, decision tree, and association rule. Predictions/ranking are then computed within each group. Partitioning or grouping can improve the quality of CF predictions and increase accuracy of performance in RS.
Clustering, matrix factorization, kNN techniques, fuzzy techniques are mostly used in HB filtering. In most of the articles clustering method is used in research articles for grouping the data. Most popular are K-means used especially for big data. From 2011 to 2013 less number of articles used VOLUME 6, 2018 clustering technique. Since 2013, most of the researchers proposed clustering-based techniques (shown in Figure 5 ). Compared to kNN, the performance of clustering is improved when the instances are close to the boundaries for large size data. However, kNN explored the poor efficiency of using instance-based method. Other techniques such as link analysis, logistic regression and trust techniques are least used in the selected articles in social media RS from year 2011 to 2015. The commonly used techniques in the selected studies are discussed below.
1) CLUSTERING
Clustering algorithms are used mainly to partition the set of items based on user rating data. The clustering method identifies a finite set of categories or clusters to describe data. This technique is applicable for large dataset [34] . Among the clustering methods, ''K-means clustering'' is the most popular. K-means considers the input parameter K and partitions a set of n objects into K clusters. Clustering is scalable, simple, and suitable for datasets with compact and highly distributed spherical clusters. Clustering or classification techniques are increasingly applied to recommendation methods in social media to enhance the recommendation accuracy [44] . Out of 61 articles, 17 articles used clustering technique most frequently. The users in a cluster can have similar interests; if a product is selected by these users, then this product can be suitable for the target user. This way leads to more accuracy in recommendations for social media in RS. Highlighted advantage is the good performance for using clustering techniques in very large scale problems in recommender system which is used to work on aggregated data [6] . Several cluster based approaches reduces computation time. Approaches are used to group the users' preferences in order to increase neighbor searching efficiency. Disadvantage is limitation of clustering techniques which often lead to poor prediction accuracy than other methods. Finally, high dimensional dataset lead issues in clustering [37] .
2) K-NEAREST NEIGHBOR (kNN)
Followed by clustering, kNN is used in 13 articles out of 61. The kNN model is a typical traditional CF-based social media in RS that makes recommendations according to the following three steps. (1) RSs construct a user profile using user preference ratings. (2) RSs apply statistical or machine learning techniques to discover k users (i.e., neighbors or recommenders) who exhibit similar behaviors in the past from which a neighborhood is formed based on the degree of similarity between a marked user and the other users. (3) Once a neighborhood is formed for a target user, RSs make a top n items set for that target user who is most likely to purchase by analyzing the items interested by the neighbors [50] . The effectiveness of a representation based on user profiles and items are then used in the investigation. Items and concepts are associated to user profiles, and this kind of information is useful for generating readable user profiles [20] .
The strengths of kNN are: it is very simple algorithms to implement, moreover it is easy to explain, understand and interpret. In addition, the accuracy predicted by kNN is good enough. Flexible features are generally used to handle multiclass cases and practicing with enough representative data which were mostly able to adopt for classification or regression. A kNN classifier is memory-based, which is not requiring any model to express in simple way [26] . The set of observations apart from collecting vectors of features with labels are enough for classes which they belong to items. The iterative clustering approach allows them to solve the data sparseness problem by fully exploiting the voting information first followed by applying cluster-based kNN to improve the performance [47] .
The accuracy can be compromised and affected by noise or irrelevant features. The memory constraints can be applied for large search problem to find k nearest neighbors. It is computationally very expensive due to high memory requirement to store all training data in the memory. Prediction stage might be slow. It is sensitive to irrelevant features and the scale of the data [46] .
3) MATRIX FACTORIZATION
Matrix factorization is the data mining technique next to kNN, which is used in 9 articles out of 61. The characterized items and users grouped by vectors of factors inferred from item rating patterns. Various input data are collected and placed in a matrix representing users and other dimension representing items of interest. The most convenient data are high-quality explicit feedback, which includes explicit input by users about their interest in products [48] . Matrix factorization allows incorporation of additional information. When explicit information is unavailable, the RS in social media can infer user preferences using implicit feedback, which indirectly reflects user opinions. Implicit feedback usually denotes the presence or absence of an event and is thus typically represented by a densely filled matrix. Main pros of matrix factorization characterize both items and users by vectors which are based on item rating. High correspondence between item and user factors leads accuracy in recommendation, by combining scalability [15] . Moreover, strength is very flexible for modeling in various real time situations. Strength of matrix factorization is that it allows incorporation of additional information. The major issue is memory management with large-scale and computational effort. High memory utilization for more data to be processed and more CPU time is needed.
4) FUZZY TECHNIQUES
Next to matrix factorization technique fuzzy technique is used in 6 articles out of 61 articles. Fuzzy technique defines the items in many systems by using specified rating scale. For example, rating on a scale of 1 to 5, where 1 indicates the lowest preference and 5 indicates the highest preference for an item by a specific user. Some systems also have various preferred models in specific application fields. In such systems, users express their preferences in linguistic terms, such as ''interested'' or ''not interested'' or ''like'' or ''dislike.'' The recommendations for these systems are generated on the basis of uncertain of vague information. The similarities between items or between users are fuzzy; thus, many researchers apply fuzzy set theory, fuzzy logic, and fuzzy relations to RS in social media to achieve accurate and effective recommendations [35] .
5) SEMANTIC ANALYSIS
Semantic analysis technique is next to fuzzy technique which is used in 3 articles out of 61. This is for extracting and VOLUME 6, 2018 representing the contextual-usage meaning of words by statistical computations applied to a large corpus of text [17] . The underlying idea is to aggregate all word contexts, for example, set of words ''does or does not'' which provide a set of mutual constraints that largely determines the similarity of meaning of words by sematic process. This explores to analyze for creating user profiles from the contents by examining posts/shared information.
Other techniques such as association rule, Bayesian classifier, link analysis, decision tree and trust techniques are also used in social media RS. Hence, clustering technique is highly active in several fields such as, image classification, statistics, text classification, pattern recognition, and machine learning.
The clustering approaches are more popular because these techniques can be exploited on large datasets with many attributes in it. This imposes unique computational requirements on relevant clustering algorithms for grouping the data. Variety of algorithms has recently emerged that meets these requirements. Moreover, clustering techniques were successfully applied to real-time data mining problems in variety of datasets. Table 7 shows the study-wise, and recommendation approach-wise distribution of data mining techniques in social media in RS field.
E. CLASSIFICATION BASED ON RECOMMENDATION TYPE
RS in social media provide recommendation based on two approaches. In selected 61 articles, two approaches are used 1. Classical or two dimensional (2D). 2. Contextual or multidimensional approach. Generally, classical approaches fall under three recommendation approaches which are CB, CF and HB. It includes recommendation types such as, Items X User, User X Item, User X Tag, and User X User. In most of the research articles, ratings (R) are based on two of entities, user and item. R = Item x User Relevance between pair of item and user R = User×Item, Relevance between pair of user and item. R = User × Tag, Relevance between a pair of user and tag. R = User × User, Relevance between a pair of user and user.
For the two-dimensional approach, R = User × Item or User × Tag or User × User. Most of the articles [27] , [56] , [18] , [23] use classical approach/2D in terms of user-item, item-user, user-tag and user-user. CB filtering recommendation approach explored between content of items and CF explored between users. HB is to reduce the limitations and improve the efficiency. KB employed between user and items.
Contextual/Multi-dimensional approaches utilized dimensions which includes User×Tag×Items or User×Item×Tag.
Thus, the resultant rating of multi-dimensional approach represents
Considerable research has been carried out in social media RS. Commonly used recommendation type is useritem. Moreover, the least used recommendation type is user-tag recommendation type followed by user-user. Table 8 shows the recommendation types used in each study. Few studies [35] have used contextual approach.
This approach used more than one attribute for recommendation, for example entities in digital library domain (book id, author, subject and year). Hence, recommendation function will become multiple attributes or multidimensional in the matrix format leads more accuracy in recommendation.
F. CLASSIFICATION BASED ON PERFORMANCE METRICS
In selected articles, researchers utilized precision, recall, accuracy, weight, mean absolute error, and efficiency. In most of the studies, authors have used either precision, recall, and accuracy metrics or only accuracy to measure the performance of RS (as shown in Table 9 ). Precision and recall evaluation metric in the selected articles [3] , [22] was based on the quality of similarities obtained among users/items. Obtained resultant similarities are more reliable, to lead the better performance for RS in social media. Various studies in the selected articles utilizes all user activities stored in separate layers and evaluated by weight metric [16] . Authors employed Mean Absolute Error (MAE), a metric measure based on correlation between predictions and ratings [83] . Accuracy metric mainly measure the comparison of the estimated ratings against actual ratings in the User Item. In research [15] , researchers utilized accuracy measure by statistical data of ratings.
V. DISCUSSION
In this review, 61 articles regarding social media RSs were selected from WOS and Scopus. Among these papers, 47 were selected from WOS, and 14 were obtained from Scopus. All the 61 articles were selected using various filters, such as language, year, and category.
In the bibliometric analysis, articles from WOS and Scopus were classified according to years, countries, and journals. Articles about social media RS are only few in 2010, but the number increases annually. After bibliometric analysis, the filtered articles were classified on the basis of recommendation type, domain, data mining technique, dataset, and performance metric. This study on social media RSs revealed various notable information.
A. RECOMMENDATION APPROACHES
HB, CF, and CB filtering are the most used recommendation types in sequence between 2011 and 2015 [49] , [56] . Various types of recommendation filtering display distinct advantages and disadvantages. CB filtering makes recommendations similar to items previously preferred by a specific user. These items are used to distinguish the items used in user profile. To compare each item with the user profile, items with a high degree of similarity with the user profile will be recommended [6] . CF is used to select based on the opinion of other people who share similar interests. CF can be classified into user-based and item-based CF approaches.
In user-based CF approach, a user will receive an item recommendation liked by similar currently active users. In an item-based CF approach, the user will receive recommendations of items by those who liked the item in the past [3] , [9] .
A prediction for the active user is calculated by a weighted average of the ratings of the selected users. The important issue with CF is sparsity; having only few ratings is a considerably severe problem [31] . HB achieves high performance and overcomes the drawbacks of CB and CF [55] . To overcome the existing issues on CB and CF, HB approach is used in common practice to avoid cold start, sparseness, and/or scalability problems [34] and obtain improved performance [75] . HB is mostly custom-based development. Different social media recommendation types and strategies are combined and exploited under HB to improve the performance of recommendations when individual techniques do not provide satisfying results. Several studies showed that HB approach achieves good performance in RS [10] , [50] , [58] by combining the advantages of CB and CF approaches.
B. RS DOMAINS
Review analysis indicated that social media RSs have been applied in various domains, such as digital libraries, e-commerce, entertainment, geolocations, forums, social networks, social reviews, social bookmarks, and other (share, publish, and discuss) domains. With the extensive usage of entertainment domains in recent years, a particularly rapid growth in movie, video chat communications, multiplayer gaming, music and video streaming, live video streaming and music resources has occurred [47] . Entertainment datasets are used in 46% of all the selected papers in RSs. Movie recommendations combined with multimedia platforms are widely used, thereby providing users with preferred movie results that are intelligently filtered and calculated from a large movie database [35] . Most of the research is developed in movie recommendation [6] , [44] . Research on digital library domain deals with search engines that calculate the relevance between research papers and search queries, such as research paper recommendation systems. These RSs produce recommendations on research papers using the keywords and interests of users.
Digital libraries and social networks are used individually in 11% of the papers. Social bookmarks are used in 10% of the papers based on the user-item recommendation type [52] . Forum domains use recommendation systems for recommending experts and posts (1%). Forum sites, such as Stack Overflow, display large user participation by posting questions and answers. Expert recommendation for an input question will be helpful to receive quality answers. Posts in forums are archived and used for recommending answers to newly posted similar questions. In e-commerce domain, people are interested in real-time recommendations (2%), where the user's interests or preferences for some items continue to change. To satisfy these requirements, real-contextawareness-based recommendation methods should be used.
Social bookmark domains are mainly used for tagging pages that are stored on the web; these pages can also be accessed from any computer [26] . Geolocation domain, such as travel websites, is used to determine locations and provide details. RSs applied for social bookmark and geolocation are 10% and 7%, respectively. Since 2013, research on social bookmark, social network, forum, and e-commerce domains is increasing, as shown in Figure 9 .
C. DATASETS USED IN RS IN SOCIAL MEDIA
The most popular datasets used in social media RS are Movie Lens, IMDB, and Flixster. These datasets are mainly used due to the free data access provided to users. MovieLens is a well-known dataset on movie recommendations used by the research community. This dataset contains the users and the rating given by users to different movies [33] . MovieLens also searches for similar profiles, such as users that share the same or similar taste, and uses them to generate new suggestions. This review evidently indicated that several researchers used this dataset for research and evaluation of their proposed RS technique [15] .
MovieLens dataset is used in 12 articles. The least amount of research is performed on academic sites in digital libraries and forums (such as Stack Overflow), and other (share, publish, and discuss) domains. Datasets related to the entertainment domain are mostly used in the RS research [17] , [57] for the selected articles.
The MovieLens dataset is frequently downloaded and referenced in research articles. This dataset is highly popular because of its significance in exploring the flexibility in rating data, dataset update (recently MovieLens V4), and updates on validating ideas. This dataset applies recommendation technology to determine recommendation and includes pattern identification, visualization, comments about personal taste, and flexibility in personalization technology, which are important attributes. Recent release in MovieLens included many attributes to encourage the development of educational materials with high quality, software systems, startup companies, and academic research [22] . Other available datasets are used less frequently compared with MovieLens in selected articles. For example, IMDB dataset is the second largest movie collection dataset, but only plain-text data are available for download. The main restriction of this dataset is being publicly unavailable for research purposes. Epinions is another dataset that is used in the selected articles. This dataset contains user-item reviews, which are available in SQL format. Domain independence and rich information make Epinions one of the few public datasets. Delicious dataset is used to store and share social bookmark with tags. This dataset is publicly viewable, but the user can download his/her data only [78] . Wikipedia presents unstructured data with Wikipedia pages. This dataset is available in humanreadable form that is less noisy, but data extraction in RS is difficult [11] , [85] .
Stack Overflow is a forum dataset that can be accessible from the Stack Exchange website. Data are available in XML format with many attributes, such as comments and badges [79] . Other datasets include Facebook, Googlewave and certain custom datasets. Most of entertainment domains are available as open source for download of data with many attributes, such as author, time, rating, comment, free-text tagging, and genre. Genres are pipe-separated lists, such as adventure, documentary, horror, musical, and mystery [80] , [81] . Researchers can select the attributes on the basis of their research problem requirements.
D. DATA MINING TECHNIQUES
Review on various data mining techniques for RS showed that kNN, clustering, and matrix factorization are the most widely used techniques in RS. kNN is a traditional CF-based algorithm utilized for various purposes in RSs, such as constructing user profiles with ratings [26] . Social data extractor extracts textual information about user activities, especially on social networks (such as Facebook and Twitter) and user information (such as title and description of liked groups, attended events, liked pages, and articles). Tweet information and direct messages can also be used to generate user profiles [47] . User profiles constructed using these techniques are useful in expert and item recommendations. The recommendation accuracy can be improved by combining various techniques.
Clustering is scalable, simple, and suitable for datasets with compact and highly distributed spherical clusters. Clustering or classification techniques are increasingly applied into recommendation methods to enhance the accuracy of recommendation [31] . Users in a cluster can display similar interests. If a product is selected by these users, then this product can be suitable to the target user. This method results in accurate recommendations. In clustering techniques, a given data set is organized into group of clusters in a manner that data points are similar. This organized cluster is used to provide recommendations on related items. Clustering is helpful in generating recommendation from large datasets. Clustering techniques are divided into two types: hierarchical and partitioned clustering [34] . Hierarchical clustering proceeds successively by either splitting large clusters or merging small clusters into large ones. Partitioned clustering directly breaks down data set into a set of disjoint clusters [57] .
Matrix factorization is effective, and it is used to determine the latent feature association between users and items [15] . Matrix factorization creates matrices for the association of users and items and calculates a score. A recommendation is generated on the basis of the score [51] . Other techniques, such as association rule, Bayesian classifier, link analysis, decision tree, and trust techniques, are also used in social media RS in selected articles.
E. TYPE OF RECOMMENDATION
Review on various recommendation types, including itemtags, user-items, user-tags, and user-user, showed that the most used recommendation type in the selected papers for review is user-item [22] , [30] , whereas the least used type is item-tag [35] . Many recommendation systems recommend items to users based on the generated profile; for example, the MovieLens website recommends movies to users based on their interest. E-commerce websites utilize user-item recommendations based on user's interest, such as electronics and clothing. The interaction between user-item can be implicit or explicit. Implicit interactions include sessions and cookies of browser, whereas explicit interactions are through the ratings and feedback provided by user. Social bookmarking datasets are less used in social media RS research compared with social network datasets. Other social media resources, including forums, blogs, video portals, and image portals, are also used less frequently in existing research articles. Although a large number of datasets are available in social networks, the number of research is small in social networks, including academic, forum, and digital library portals. Tags are arbitrary words specified by authorized users to label and manage contents, which are uploaded to the forum websites by user-tag recommendation type. Item-tag recommendation is used in digital library domains. Social network domains are explored by user-user recommendation type in social media RS. Figure 8 shows the number of publications in domain versus the type of recommendation. For effective sharing of content, users want personalized and convenient tags. However, selecting appropriate tags from a wide range of possibilities is often difficult among users. Thus, tag RSs become increasingly important for making tag selection effective mainly for recommendation.
F. PERFORMANCE METRICS
The predictions generated by RS in social media can be evaluated using a variety of performance metrics. RS predictions can be evaluated with prediction accuracy. Other aspects of RS performance are time and space requirements. Response time is the time required to generate responses to the request of users. Main and secondary storage requirements are also evaluated for RSs. These evaluations can be performed online, offline, or both based on the requirement.
In selected studies, various metrics were used to evaluate the performance of RS. The review showed that precision and recall are highly used evaluation metrics; they are important in information retrieval and popular with RS in social media. Precision measures the efficiency of relevant items selected. Recall is the number of relevant items selected and the total number of items in the whole set. Recall is used to access the extent of the result [26] . Although precision and recall are different measures, they cannot be considered unrelated. Accuracy metric is also highly used for evaluation. This metric measures the ranking accuracy of results predicted by a recommendation system. Accuracy metric measures how well the user ratings can be reproduced [49] . Analysis on performance measures can help researchers select the suitable performance metrics for their research. Different evaluation metrics can be used in measuring the performance of social media RS.
VI. POTENTIAL ISSUES
Numerous studies highlighted several significant problems and issues. The discussion demonstrated that different classifications can be used to observe the summarized data in each section.
A. DEFICIENCY IN DOMAINS
A majority of reviewed articles are related to entertainment domains (46%, 28 articles). Studies on forum and social review domains are only 2% (one article) and 3% (two articles), respectively [85] . The number of research in these domains is another significant direction.
B. DEFICIENCY IN DIGITAL LIBRARY RESEARCH
Academic-related digital library websites are mostly owned by private universities as collection of information objects. Academic scholars, research students, and technical people use forums and search engines, such as Google Scholar, Stack Overflow, and Quora. Future research can use academicrelated library [3] . Forum datasets are a significant direction for further exploration.
C. E-COMMERCE RECOMMENDATION
In recent years, people increasingly explore online shopping websites. E-commerce websites require a social media RS to determine the proper product recommendation. Distribution of data, such as user behavior and interest and liked items, continues to change in e-commerce websites [26] . Further research may use contextual recommendations, such as history, time, and preference recommendations, for the e-commerce domain [83] .
D. USER-TAG TYPE OF RECOMMENDATION
User-tag type of recommendation is used in only a few domains. Social networks and other domains extensively use user-item recommendation type [49] . Tag RS is important in making tag selection for RS in social media for creation of user profile to improve the performance of RS for technical people. Other explorations based on tag type and other attribute relations, especially in forum and digital library datasets, are another direction.
E. DATA SPARSITY
In handling data sparsity problem in RSs, various methods are proposed, but the issue still persists in many application domains. Data from various domains can be combined in target domain to handle sparsity problem. RS approaches are limited with the selected method and data collected from the source [34] . Analysis on RSs can be performed on multiple dimensions using large data for remarkably accurate recommendations. For example, highly accurate recommendations can be made in data sources on social bookmark and social network domain by extracting a large amount of information about people and items.
F. RECOMMENDER SYSTEMS TO ASSIST IN ASSISTING SECURITY IN SOCIAL MEDIA
Social media systems are prevalently growing. Recently, new challenges are integrated with such systems, thereby making this system difficult to manage. New reliable solutions to such problem should be developed. Consequently, important, practical, and analytical solutions to such systems can be proposed to target security assurance in social networks and social human interactions [62] , [63] . To address this problem, a recommendation system can also be developed to verify social data management in IoT devices.
VII. CONCLUSION
This comprehensive study on RS in social media is an important research area that has attracted the attention of the academia and practitioners. In this research, 61 papers on social media RSs published between 2011 and 2015 were comprehensively reviewed and examined to understand the trend of these systems.
All major research efforts in this regard assist researchers in gaining an improved understanding regarding the existing solutions to major problem areas. The selected articles were analyzed. Results of this review are summarized as follows:
• Interest in RS of social media research will grow significantly in the future. Yearly distribution shows an increasing trend in the last few years.
• Classification based on domain shows that 19 among 61 papers are related to movies, and 14 papers are related to entertainment. Social media RSs in many other domains require significant improvement.
• The classification based on data mining technique shows that clustering is the mostly used technique. A total of 17 out of 61 papers use this technique for social media recommendation. The least used techniques are link analysis and Bayesian text classification.
• Classification based on dataset shows that most studies use multiple datasets from various datasets. The highly utilized dataset for social media RS is MovieLens because of the provided free data access to users.
• A majority of social media RS studies are published in Experts System with Application. Additional papers on RS research should be published in journals related to management and business. This study also displays some limitations: (i) this review only includes articles that are limited to computer science and information technology journals. (ii) Reviewed journals are selected from 2011 to 2015 journals that are related to social media. Journals published after 2015 are excluded. This duration can be extended in future reviews. (iii) The limitation on keywords is described as follows: ''recommender system,'' ''blogs'' or ''blog,'' ''forums or forum,'' ''social network'' or ''social networks,'' or ''web'' or social bookmarking.'' (iv) This review is based only on recommendation approaches, data mining techniques, datasets, domains, recommendation types, and performance metrics. Other significant aspects were not analyzed and reviewed.
The present results can contribute significantly in understanding social media in RSs. A total of 61 articles out of 434 were rigorously selected and reviewed. The classification of social media RS research in terms of recommendation approach, domain, data mining technique, dataset, recommendation type, and performance metric can also provide detailed insights into these aspects and guidelines for future RS research in social media.
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